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Abstract 
A fungus was isolated from Hedera helix (English ivy) leaves experiencing necrosis and 
identified as Diaporthe eres by molecular techniques.  The fungus was grown in potato 
dextrose broth medium and the culture medium was extracted with ethyl acetate. 
Bioassay guided fractionation of ethyl acetate extract of culture filtrate of this fungus led 
to the isolation of two phytotoxic compounds that are active against the seed germination 
of the monocotyledon Agrostis stolonifera at 1 mg mL-1. Structures of these active 
compounds were determined by spectroscopic methods and were determined 8-hydroxy-
3.7-dimethylisochroman-1-one and 2-(4-hydroxyphenyl)-ethanol. This is the first finding 
presented on the phytotoxic effects of as 8-hydroxy-3.7-dimethylisochroman-1-one.  
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1) Introduction:  
In agribusiness, it is widely known that weeds form the largest threat to crop production. 
A growing trend of usage of herbicide-resistant crops has led to the increase in use of 
non-selective herbicides on such crops (Duke 1996). This reliance on such herbicides for 
engineered crops has led to growth of herbicide-resistant weeds (Duke, et al., 2000; 
Varejão, et al., 2013). However, another issue with such methods is the lack of 
acceptance of transgenic crops by some countries (Duke, et al., 2000).  
The importance, then, for new herbicides with different modes of action than those of 
conventional synthetic herbicides is steadily increasing (Cole, et al., 2000). One 
promising strategy for a new generation of herbicides is one based around secondary 
metabolites of phytopathogenic fungi. On the whole, phytotoxic secondary metabolites of 
biological species are structurally more complex, rarely contain heavy metals and 
halogens, and have a greater proportion of oxygen and nitrogen when compared to 
synthetically derived herbicides (Duke, et al., 2000). These differences have led to the 
belief that natural product-based herbicides are a safer alternative to conventional 
synthetic herbicides (Dayan, et al., 2014). Thus, naturally derived secondary compounds 
may provide a source of environmentally friendly herbicides when compared to their 
synthetically derived counterparts and should be investigated.  
Mechanisms of action of fungal phytotoxins have rarely been identified; many cases have 
shown that these mechanisms of action do not overlap those of synthetic herbicides 
(Duke, et al., 2000; Varejão, et al., 2013). However, outlines for discovery of modes of 
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actions of phytotoxins have been developed and delved into, some of which has led to 
promising discoveries (Cole, et al., 2000; Tresch, 2013). Even with discovery of new 
modes of actions, though, come both advantages and limitations into this research, 
namely the cost effectiveness of such studies (Dayan, et al., 2012). However, the new 
outlines and research methods formulated in recent studies done by Dayan, et al. (2012) 
and Tresch (2013) could provide means to combat this monetary hindrance on the 
development of natural product herbicides.  
Stemming from this idea, an observation of necrosis on the leaves of English ivy (Hedera 
helix) plants on the campus of the University of Mississippi led to an investigation into 
the isolation and identification of the fungus causing damage to the plants. The fungal 
species was isolated and identified as Diaporthe eres via molecular methods. D. eres is a 
known plant pathogen from different areas throughout the world (Anagnostakis 2007; 
Thomidis and Michailides, 2009; Kaliterna, et al., 2012; Baumgartner, et al., 2013). It is 
known to cause small, necrotic lesions on infected plant species (Anagnostakis, 2007, 
Kaliterna, et al., 2012). However, there is no literature on this species infecting plants in 
Mississippi or as a pathogen to the plant species Hedera helix. The effectiveness of 
fungicides in inhibiting the growth of D. eres on plants is well documented (Thomidis 
and Michailides 2009), yet there is no literature on the investigation of potential use of 
metabolites of D. eres as effective, environmentally benign herbicides. Outside the realm 
of this particular plant pathogenic fungus, research into the use of phytotoxic metabolites 
of fungi as potential herbicides is well documented (Martínez-Luis, et al., 2005). The 
objective of this study was to identify and isolate the fungal species causing necrosis on 
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English ivy plants and to isolate phytotoxic compounds from culture medium of the 
fungus that could be further investigated into use as potential natural derived herbicides. 
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2) Experiemental: 
2.1 General Experimental Methods 
All potato dextrose agar medium for plates was made using 19.6 grams Difco™ (Detroit, 
MI) potato dextrose agar and 8.0 grams Difco™ bacto agar suspended in 1L of deionized 
water, split into two 500 mL batches, and autoclaved in a 30 minute liquid cycle. Each 
500 mL batch of agar medium was used to pour a sleeve of 20 sterile plastic petri dishes 
(BD Falcon™) using aseptic technique. 
All potato dextrose broth medium was made with 24.0 g Difco™ potato dextrose broth 
suspended in 1L deionized water in 2L Erlenmeyer flasks and autoclaved in a 30 minute 
liquid cycle. Extracts and fractions were analyzed on 250 μm silica gel thin-layer 
chromatography plates GF with fluorescent indicator (Analtech, Newark, DE). Iodine 
vapor, UV light (at 254 and 365 nm), dragendorff spray reagent (Sigma-Aldrich, St. 
Louis, MO), and anisaldehyde spray reagent were used for the detection of compounds. 
Standard anisaldehyde spray reagent was prepared by mixing 135 mL absolute ethanol, 5 
mL concentrated sulfuric acid, 1.5 mL glacial acetic acid, and 3.7 mL p-anisaldehyde. 
All column chromatography was carried out on a Biotage Inc. Isolera pump with a dual-
wavelength (254 and 280 nm) detector, using a SNAP flash 25 g (particle size 40-65 
microns, column volume 33 mL) (Charlottesville, VA) with hexane, ethyl acetate, and 
methanol in various amounts. All solvents were of reagent grade and used without further 
purification. 1H and 13C NMR spectra were recorded on a Bruker AMX spectrometer 
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operating at 500 MHz for 1H and at 125 MHz for 13C NMR. High-resolution mass 
spectra were obtained using Jeol ACCU TOF JMS-T1000 mass spectrometer. GC-MS 
data was obtained using an Agilent 7890A GC system coupled to an Aglient 5975C inert 
XL MSD.  
 
2.2 Fungal material 
Infected Hedera helix (ivy) leaves were collected in August 2013 in Oxford, MS, on the 
campus of the University of Mississippi (Figure 1). A leaf with visible necrosis was 
surface sterilized by submersion in 5% sodium hypochlorite in sterilized deionized water 
for one minute then rinsed via submersion in sterilized deionized water three times at one 
minute each. From an infected area of the leaf with visible necrosis, a strip (approx. 0.5 
cm in length, 2 mm in width) of leaf material was cut using a sterile scalpel and deposited 
onto a petri dish containing potato dextrose agar medium (PDA, Difco™) and was 
allowed to grow for one week at 24 °C under 12 hour light cycle. A single colony 
growing on the agar was subcultured onto another PDA plate, by placing a plug (approx 
0.5 cm in diameter) from the original plate using a sterile straw. The fungus was grown 
for one week at 24 °C under 12 hour light cycle. This colony of fungus was used to 
inoculate two 250 mL potato dextrose broth medium (PDB, Difco™) in 500 mL 
Erlenmeyer flasks by placing ten straw plugs (approx. 0.5 cm in diameter each) from the 
plate into each flask. PDB culture was grown in an orbital shaker at 90 rpm for two 
weeks at 24°C under constant light. This culture medium was used to inoculate 24 2L 
flasks each containing 1L PDB medium by adding 3 mL of fungal culture medium into 
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each flask with a sterile pipette. These culture flasks were allowed to grow in an orbital 
shaker at 90 rpm for one month at 24 °C under constant light. 
 
 
Figure 1. Hedera Helix (English ivy) leaf showing necrosis. 
 
2.3 Molecular Identification of the fungus 
A small sample of fungal material was taken from a culture broth and was suspended in 5 
mL sterile deionized water in a 15 mL conical centrifuge tube (BD Falcon™, Bedford, 
MA) and centrifuged in a bench-top centrifuge with a radius of 3.5 inches and at 3400 
rpm for five minutes, after which the residual water was removed. A small sample of this 
fungal material was taken with a sterile pipette to be used for molecular identification. 
DNA from fungus was extracted with DNeasy Plant Mini Kit (Qiagen Inc., Valencia, 
  7 
CA) and used as template in PCR amplifications. The ITS1-5.8S-ITS2 genomic region 
(ITS) was amplified from genomic DNA using the forward primer ITS1 (5´- 
TCCGTAGGTGAACCTGCGG-3´) and the reverse primer ITS4 (5´- 
TCCTCCGCTTATTGATATGC-3´) (White et al., 1990). The primers cylh3f (5´- 
AGGTCCACTGGTGGCAAG-3´) (Crous et al., 2004) and H3-1b (5′-
GCGGGCGAGCTGGATGTCCTT-3′) (Glass and Donaldson, 1995) were used to 
amplify part of the histone H3 (HIS) gene, and the primers T1 (5′-
AACATGCGTGAGATTGTAAGT-3′) (O’Donnell and Cigelnik, 1997) and Bt-2b (5′-
ACCCTCAGTGTAGTGACCCTTGGC-3′) (Glass and Donaldson, 1995) to amplify part 
of the beta-tubulin gene (TUB). PCR amplification was carried out in 50 μL reaction 
mixture containing 1x PCR reaction buffer, 0.2 mM dNTP mixture, 0.2 μM of each 
forward and reverse primer, 1.5 mM MgSO4 and 2 μL of Platinum Taq HiFi DNA 
Polymerase (Invitrogen, CA). The PCR program consisted of one initial denaturation step 
at 94°C for three minutes followed by 40 cycles at 94°C for 30 seconds, adequate 
annealing temperature for 30 sec, 68°C for one minute 30 seconds, with a final extension 
at 68°C for three minutes. The annealing temperature varied for each genomic region: 
50°C for ITS, 55°C for TUB, and 58°C for HIS. PCR were run in an M&J Research 
Gradient Cycler PTC-225. After amplification, an aliquot was analyzed by 
electrophoresis on a 1% TAE agarose gel, visualized under UV light and PCR products 
were compared to the molecular size standard 1kb plus DNA ladder (Invitrogen, CA). 
Successfully amplified PCR products were isolated with MinElute PCR Purification Kit 
(Qiagen, Valencia, CA) following the manufacturer’s instruction. 
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PCR products were sequenced directly at GeneWiz (South Plainfield, NJ). Sequences 
were analyzed with DNASTAR (DNASTAR, Madison, WI) and Clone manager 9.2 
(Scientific & Educational Software, Cary, NC) software, and contig sequences were 
screened against the NCBI nucleotide Database BLAST (Altschul et al., 1990). 
 
2.4 Extraction and bioassay guided Isolation 
The fungal culture medium was allowed to grow for one month. The liquid culture 
medium was filtered through miracloth (EMD Millipore, Billerica, MA), followed by 
vacuum filtration of the medium through semi-cimped, rapid filter paper (diameter 15 
cm, Fisherbrand™, Pittsburgh, PA). All residual fungal mass was disposed of in 
biological waste. The 24 L of culture filtrate was extracted with 24 L of ethyl acetate 
twice. The combined ethyl acetate extract was dried over anhydrous sodium sulfate and 
the solvent was evaporated under reduced pressure at 40 °C to obtain a brown viscous 
extract of 1.16 g. Thin-layer chromatography analysis of the crude ethyl acetate extract 
eluted in ethyl acetate indicated that it contained multiple compounds. The extract was 
subjected to column chromatography using 0-100% ethyl acetate in hexane for 47 column 
volumes and 0-10% methanol in ethyl acetate for 21 column volumes. A total of 92 
fractions of 27 mL were collected and similar fractions according to TLC profile were 
combined to produce 13 fractions. 
 
2.5 Phytotoxicity bioassays on monocotyledon and dicotyldeon seeds 
Fractions obtained from silica gel column chromatography of the ethyl acetate extract of 
the fungal culture medium were tested in the seed germination bioassay using Lactuca 
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sativa (lettuce) and Agrostis stolonifera (bentgrass) seeds to determine the phytotoxic 
activity of each of the fractions. A filter paper (Whatman no. 1, diameter 1.5 cm) and 5 
mg of L. sativa seeds or 10 mg of A. stolonifera seeds were placed in each well of a 24-
well multi-well plate (Corning Inc., Corning, NY). Test fractions were dissolved in 
acetone and mixed with sterilized deioinized water, such that the final concentration of 
acetone was 10%. Only acetone and sterilized deionized water were added to each control 
plate. Phytotoxic activity was evaluated visually, comparing the amount of germination 
of the seeds in each well with that of the untreated controls after seven days. The 
qualitative estimate of phytotoxic activity was evaluated by using a rating scale of 0−5, 
where 0 = no effect or 100% germination and 5 = no growth or no germination of the 
seeds.  
 
2.6 Isolation of Phytotoxic Constituents  
According to the seed germination bioassay, fractions 1 and 3 indicated to have inhibitory 
activity and were then scrutinized for further fractionation. Thin-layer chromatography of 
fraction 1 eluted twice in 10% ethyl acetate in hexane indicated one major compound 
when examined under UV light (254 nm), but revealed two compounds when exposed to 
iodine vapor. Preparative thin-layer chromatography (20 cm x 20 cm, plate thickness 250 
µm) (AnalTech, Newark, DE) of 54 mg of fraction 1 eluted twice in 10% ethyl acetate in 
hexane afforded two sub-fractions which were then scraped from the plates based on 
band width as indicated by 254 nm UV light, eluted with 10% methanol in methylene 
chloride, and labeled as 1-1 and 1-2 respectively based on increasing polarity (Figure 
2a). TLC of fraction 3 in eluted 50 % ethyl acetate in hexane indicated 4 major 
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compounds and that an acid may be present in the sample as indicated by a polar oblong 
trail eluted on the TLC plate. Further TLC separation of fraction 3 eluted in 50% ethyl 
acetate in hexane with two drops of acetic acid confirmed this thought. In order to isolate 
the sub-fractions, 84.2 mg of fraction 3 were subjected to preparative TLC eluted five 
times in 30% ethyl acetate in hexane with two drops of acetic acid per 10 mL of organic 
solvent solution. Upon elution, the four sub-fractions were identified by 254 nm UV 
light, scraped from the plates, eluted with 10% methanol in methylene chloride, and 
labeled  3-1, 3-2, 3-3, and 3-4 respectively, according to increasing polarity (Figure 2b).  
Pure sub-fractions 1-2 and 3-4 were bioassayed under the same conditions as above. 
Fraction 1-2: needle-like crystals formed when dry (30.0 mg). The identity was 
confirmed by 1H and 13C NMR and mass spectrometric data. 
Fraction 3-4: white-yellow powder formed when dry (57.0 mg). The identity was 
confirmed by 1H and 13C NMR and mass spectrometric data. 
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 (i)  (ii)  (iii) 
        (a)    1-1   1-2        (b) 3-1 3-2 3-3 3-4 
Figure 2. a) TLC profile of fraction 1 separated into 2 subfractions under 254 nm UV 
light (i), sprayed with anisaldehyde reagent (ii) and subjected to I2 vapor (iii). 30.0 mg of 
1-2 were collected.  b) TLC profile of fraction 3 separated into 4 subfractions. 57.0 mg of 
3-4 were collected.  
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3) Results and Discussion 
3.1 Identification of Fungal Species 
The fungal species was identified using molecular analysis. A BLAST (Altschul et al., 
1990) analysis of the ITS1-5.8S-ITS2 genomic region showed a 100% (545 bp/545bp) 
similarity to Diaporthe eres/ Diaporthe cotoneastri/ Phomopsis cotoneastri strains 
(GenBank Access KC343073.1, KC343096.1, KC145903.1, KC145884.1, FJ889450.1). 
The Histone 3 genomic region showed a 100% (447bp /447bp) similarity to Diaporthe 
eres strains (GenBank Access KC343564.1, KC343571.1, KC343557.1, KC343581.1). 
The beta-tubulin genomic area showed a 99% (699-700bp /701bp) homology to 
Diaporthe eres strains (GenBank Access KC344044.1, KC344048.1).  These genomic 
tests confirmed the fungal species as Diaprothe eres.  
 
3.2 Identification of Phytotoxic Constituents and Results of Bioassay 
8-hydroxy-3,7-dimethylisochroman-1-one (1-2): 1H NMR (500 MHZ, CDCl3)  1.55 
(3H, d, J = 5 Hz), 2.20 (3H, s), 2.72 (1H, m), 2.93 (1H, m), 4.68 (1H, brm),6.84 (1 H, d,  
J = 8.5Hz), 7.28 (1H, d, J= 8.5 Hz) 11.0 (1H, s); 13C NMR (125 MHz, CDCl3)  18.10, 
20.93, 31.90, 75,45, 108.06, 115.65, 124.96, 137.08, 137.94, 160.46, 170.35; 
HRMS(ESI-TOF) m/z 191.076111 [M-H]- ( calcd for C11H11O3, 191.102120). (see 
Appendix p.16-18) 
2-(4-hydroxyphenyl)-ethanol (3-4): 1H NMR (500 MHZ, CDCl3 / CD3OD)  2.67 (2H, 
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t, J = 7.5 Hz), 3.31 (1H, s), 3.65 (2H, t, J = 7.5 Hz), 6.67 (2H, d, J = 8.5 Hz), 6.98 (2H, d, 
J = 8.5 Hz); 13C NMR (125 MHz, CDCl3 / CD3OD)  39.46, 64.68, 116.22, 130.99, 
131.09, 156.76; GC MS M+ = 138 (see Appendix pp. 19-24) 
 
NMR and MS spectroscopy of compounds 1-2 and 3-4 suggest the identification of these 
compounds as 8-hydroxy-3,7-dimethylisochroman-1-one (1-2) and 2-(4-hydroxyphenyl)-
ethanol (3-4) (Figure 3). Bioassay results of these compounds at 1 mg/mL against the 
monocotyledon A. stolonifera and the dicotyledon  L. sativa indicate that both inhibit 
growth against the monocotyledon A. stolonifera seven days after the treatment, and at 
0.1 mg/ml, they were not effective (Table 1). Compound 3-4 was more active, with a 
ranking of 5, whereas compound 1-2 has a ranking of 4 on monocotyledon seed 
germination.  
8-hydroxy-3,7-dimethylisochroman-1-one has been isolated in a previous study as a 
metabolite from a wood decay fungi (Alvarenga, et al., 1978). However, this is the first 
finding of it as a secondary metabolite of D. eres. A recent study has proposed a reaction 
that yielded 8-hydroxy-3,7-dimethylisochroman-1-one as the major product using gold 
catalysis (Hashmi, et al., 2014). However, there is no literature reporting the phytotoxic 
effects of 8-hydroxy-3,7-dimethylisochroman-1-one.  
2-(4-hydroxyphenyl)-ethanol, commonly referred to as tyrosol, is a known metabolite 
produced by various phytopathogenic fungi, and it has been reported as a phytotoxin 
(Gamboa-Angulo, et al., 2001; Evidente, et al., 2010; Vieira Varejão, et al., 2013). This 
is the first finding of tyrosol as a metabolite of D. eres.  
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Concentration Solvent Day Lettuce Agrostis 
1-2 1.0 mg/ml 10% acetone 7 2 4 
1-2 0.1 mg/ml 10% acetone 7 0 0 
3-4 1 mg/ml 10% acetone 7 1 5 
3-4 0.1 mg/ml 10% acetone 7 0 0 
Table 1. Bioassay results of phytotoxic isolate 
 
 
 
             
      (1-2)       (3-4) 
 
Figure 3. 8-hydroxy-3.7-dimethylisochroman-1-one (1-2) and tyrosol (3-4) 
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4) Conclusions 
In this project, a fungus infecting H. helix in Mississippi was identified as Diaporthe eres. 
Further, through bioassay fractionation and spectroscopic means, two phytotoxic 
metabolites of D. eres were isolated and identified. Though these compounds were 
obtained and identified, the investigation into them is far from over. The absolute 
configuration of 8-hydroxy-3,7-dimethylisochroman-1-one has yet to be obtained and can 
be done with the proper synthetic and spectroscopic techniques. Another reaction 
mechanism could be investigated in an attempt to improve on the yield of 8-hydroxy-3,7-
dimethylisochroman-1-one achieved by Hashmi, et al. (2014) to synthetically produce 
this compound and its analogs in a cost effective way in an attempt to optimize the 
phytotoxic effects as potential environmentally friendly herbicides.  
The investigation into finding phytotoxic constituents from the fungal material extracted 
in methanol could be performed by extracting materials directly from the fungus and 
potentially isolating much more polar compounds and testing them in the same way for 
phytotoxicity for potential use as next-generation herbicides. 
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